Considerable uncertainty exists in General Circulation Model (GCM) simulations of rainfall for a warmer climate. While much of the focus has been on the representation of rainfall averages over various parts of the world, of greater concern is the limited ability of the simulations to represent within-year and inter-year variability, or, represent the "sustained extremes" that are so important for a range of water related applications. This paper focuses on this issue and comprises of three main parts. The first part relates to the assessment of uncertainties in GCM simulations of rainfall, with a focus on the representation of intra and inter-annual variability, along with a characterization of the biases that exist. The next two parts present a two-staged approach that impart the interand intra-annual variability in GCM rainfall sequences, and translate them to a spatial scale of relevance for water resources applications. The first of these two stages consists of a Nesting Bias Correction (NBC) procedure that post-processes GCM simulations of selected atmospheric variables, leading to processed simulations that exhibit distributional and persistence attributes that are consistent with observations. The second stage then presents the Modified Markov stochastic downscaling Model (MMM) that uses the post-processed atmospheric variables, and uses them to generate multiple replicates of rainfall at multiple point locations within a region of interest. The paper concludes by presenting an application of this combined framework to simulate daily rainfall at 45 locations near Sydney, Australia, using future simulations for three emission scenarios from the CSIRO Mk3.0 model. Significant improvements are noted in the downscaled rainfall sequences compared to the case where simpler downscaling formulations are used, especially with respect to the ability to simulate sustained droughts and periods of high rain.
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